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Introduction
Tinea is a geographically widespread group of fungal infections caused by dermatophytes. Predominance of type depends on the organism, its hosts, and local factors. Infection may occur through contact with infected humans and animals, soil, or inanimate objects. Tinea should be suspected in any red, scaly, pruritic, enlarging lesion or in pruritic scalp lesions that manifest scaling, folliculitis, or an inflammatory reaction.
Gruby, Remak, and Schonlein described the causes of favic tinea in the early 1800s. In the early 1900s, Saboraud classified the dermatophytic fungi. In the 1950s, Kligman further described the natural course and pathogenesis of these infections. In 1958, treatment with oral griseofulvin was introduced, obviating the need to use epilation with radiography or thallium. More recent antifungal medications, the azoles, allylamines, and benzylamines, offer new options of shorter and more convenient dosing regimens.
Definitions
Tinea is a superficial infection of the skin, scalp, nails, or hair caused by dermatophytic fungi that invade the stratum corneum and use keratin as a nutrient source.
Dermatophytes have three genera: Trichophyton, Epidermophyton, and Microsporum. The site of formation of arthroconidia, the spore-forming bodies of the dermatophyte, classifies the species causing tinea capitis. Ectothrix species form conidia around the hair shaft and beneath the cuticle of hair. Endothrix species have arthrospores present within the hair shaft. The favic species have hyphae arranged in parallel within and around the hair shaft. For example, T tonsurans is endothrix, M audouini is ectothrix, and T schoenleinii is favic.
Specific organisms tend to cause infection in specific geographic areas or body sites. Often the pattern of involvement depends on the anatomic site, and the specific condition is so named (Table 1) . Dermatophytes are classified according to their primary host as anthropophilic, zoophilic, or geophilic. Anthropophilic dermatophytes are adapted to human keratin and affect humans primarily. These organisms often infect areas of covered or traumatized skin. Zoophilic organisms are hosted primarily by animals and commonly affect exposed areas such as the face, neck, and arms. Geophilic dermatophytes reside in the soil.
the occurrence among urban black children reaching epidemic proportions. Tinea corporis due to this organism occurs frequently in the same geographic areas. Before 1960, M audouinii was the predominant cause of scalp infection in the United States, Europe, and parts of Africa, but it comprised only 0.3% of cases in the United States in a 1979 to 1981 survey.
Tinea capitis is most common in children younger than 10 years of age, with a peak occurrence at 3 to 7 years. However, T tonsurans can be cultured from asymptomatic adults in families having active disease and from asymptomatic classmates. The age predilection is believed to result from the fungistatic properties of shortand medium-chain fatty acids in postpubertal sebum and 
Source of Infection
Transmission is by infective spores (arthroconidia), which are spread by fallen hair, desquamated epithelium, and direct contact. Viable spores can be cultured from contaminated combs, hairbrushes, barbershop instruments, shared hats, clothing, bedding, and furniture. Asymptomatic carriers are common and may help perpetuate the infections. Zoophilic infection depends on the animal source and tends to lose virulence after about four human-to-human transmissions. The infected animal may be asymptomatic.
Diagnosis
The diagnosis can be made from history, clinical presentation, culture, and direct microscopic observation of hyphae in infected tissue and hairs after potassium hydroxide preparation. Culture is useful in tinea capitis and tinea unguium and in treatment failures at other sites. Organisms can be collected by scraping or brushing with a toothbrush or damp cotton swab at the leading edge of the infection and placing the material on a dermatophyte medium. Most dermatophytic media contain Sabouraud dextrose agar; chloramphenicol is added to inhibit bacterial growth and cycloheximide to inhibit saprophytic fungi. Adding phenol red changes the agar color in the presence of alkaline dermatophyte metabolites and identifies growth. Wood lamp examination is not useful for most tinea capitis lesions because the majority of such infections are caused by endothrix species, and only ectothrix species fluoresce green-yellow under Wood lamp. Thus, Trichophyton, the most common species in the United States, does not fluoresce. Actual identification of dermatophyte species requires observation of morphology and microscopic examination in a suitable laboratory.
Tinea Corporis Clinical Presentations
Tinea corporis often appears initially as a red, scaly papule spreading outward, with a coalescence of papules into plaques that become scaly (Fig. 1) . The lesion becomes an annular, pruritic plaque on glabrous (smooth and skin disorders tinea bare) skin, with a scaly, slightly raised edge at the advancing border. The center may clear (Fig. 2) , leaving a hypoor hyperpigmented postinflammatory area as the lesion advances.
Tinea cruris causes a sharply demarcated, pruritic lesion that has a raised erythematous margin and thin, dry epidermal scaling that tends to spare the penis, scrotum, vulva, and perianal area, in contrast to candidiasis, which affects these areas. The rash spreads from the groin down the inner thigh. Tinea pedis or tinea unguium often are concomitant with tinea cruris.
Tinea pedis presents most often as a web-space maceration, but also may have a moccasin distribution, affecting the soles and lateral feet with hyperkeratotic scale. Tinea manuum manifests similarly and often accompanies tinea pedis. Scaling may be finer, with white or silvery scaling in the creases, or the typical tinea corporis pattern may be present. Tinea unguium affects the nail plate and is the most resistant to treatment, requiring long courses and having frequent relapses. The nail can show dystrophy, thickening, ridging, discoloration, and breakage or occasionally a superficial white discoloration on the nail surface. The more general term onychomycosis refers to any fungal infection of the nail, including yeasts that do not respond to griseofulvin.
Atypical presentations of tinea include tinea incognito, in which the characteristic scaling disappears after treatment of the lesion with high-potency steroid; bullous tinea corporis, in which herpetiform, subcorneal vesicles appear; tinea profunda, which is characterized by subcutaneous abscesses due to T mentagrophytes; verrucous lesions; and Majocchi granuloma, typified by nodular or kerionlike lesions not on the scalp. Tinea imbricate, caused by T concentricum, has multiple concentric rings and is found only in the western Pacific.
Differential Diagnosis
Other nondermatophytic fungi cause superficial infections. Candida infection has a more erythematous presentation and has an irregular shape and satellite lesions at the edge of an inflamed area. Tinea versicolor now is referred to commonly as Pityrosporum versicolor to differentiate it from dermatophyte infections because it is not a true tinea. It is caused by a filamentous form of Malassezia furfur (P orbiculare is the yeast form). Multiple oval, hypo-or hyperpigmented, macular lesions that have very fine scales usually appear on the upper trunk, face, and proximal arms. The condition usually is asymptomatic, chronic, and more prominent when sunexposed areas fail to tan. The rash can be pruritic, especially with sweating or warm weather, and fluoresces blue-white, yellow, or coppery under a Wood lamp.
Nummular eczema appears as a coin-shaped scaly patch without central clearing (Fig. 3) . The lesions tend to be more numerous and have no advancing border. Pruritus varies.
Granuloma annulare lesions are nonpruritic, fleshcolored dermal papules in a ringlike distribution that have no scaling or erythema over the nodules (Fig. 4) . The papules or nodules in annular rings have clear centers that vary from 1 to 5 cm in diameter and usually appear on the hands or arms. The lack of scale is an important differentiating feature. The lesions usually disappear spontaneously over months to years. Impetigo, caused by bacterial infection, can form circular, crusted lesions that occasionally are confused with excoriated tinea lesions or may coexist with dermatophytes.
Discoid lupus, a well-circumscribed, elevated, indurated red-to-purplish plaque that has adherent scale and fine telangiectasia, is seen particularly on the face and resembles tinea faciale.
Pityriasis rosea starts as a herald patch (Fig. 5) , which is a sharply defined oval patch of skin-colored, scaly dermatitis that has a red, finely scaled, slightly elevated border and evolves into a more diffuse eruption of skincolored papules in a dermatomal or Christmas tree-like pattern. The herald patch can resemble early tinea, and the later diffuse lesions resemble the id reaction associated with tinea capitis.
Annular lichen planus consists of shiny, flat-topped, polygonal lesions in a ringlike grouping, commonly occurring on the penis and lower trunk, and resembles granuloma annulare.
Psoriatic plaque can present with erythematous lesions that have a diffuse, thick white scale.
Lesions of tinea pedis may resemble peridigital atopic dermatitis, which is more common in children than is tinea.
Contact dermatitis from shoe contact is found more commonly on the dorsum, whereas tinea usually has a moccasin distribution. Candida infection may have a similar clinical appearance.
Tinea Capitis
Tinea capitis has a broad range of clinical presentations that may be inflammatory or noninflammatory, manifesting with or without erythema (Table 2) (Figs. 6 -12) . Posterior cervical and suboccipital lymphadenopathy often accompany scalp infection. Tinea capitis should be included in the differential diagnosis of any scaling scalp lesion, especially if it is associated with hair loss. Several other conditions can be mistaken for tinea capitis (Table  3) , including kerion (Figs. 13, 14) . In children beyond early infancy and not yet teenagers, flaking of the scalp should be cultured because seborrheic dermatitis is unlikely at this age. Allergic contact dermatitis and psoriasis also may cause flaking. Pustular folliculitis should be cultured if any hair loss is present because tinea also can be follicular.
An id (dermatophytid or identity) reaction is a fungus-free papular eruption, often follicular, resembling pityriasis or tinea lesions on the trunk, ears, and face. The id reaction frequently is a cell-mediated immune response to dermatophytes and sometimes occurs after the start of treatment. This condition usually resolves spontaneously. skin disorders tinea
Management of Tinea Infections
Tinea corporis usually is treated with topical antifungal preparations (Table 4) . Tinea capitis always requires oral therapy. Topical treatment usually is continued for 1 to 2 weeks after the lesion has resolved. Tineas are resistant to nystatin, an antifungal commonly used for Candida infections. Folk remedies, such as creating a chemical burn at the site with undiluted bleach, should be discouraged because they can cause infection and scarring. Topical therapy should be applied at least 2 cm beyond the edge of the lesions once or twice daily for 2 weeks, depending on the agent. If the lesion persists after 4 weeks of topical therapy, it is considered a treatment failure. Extensive, severe, or resistant cases of tinea corporis may require systemic treatment (Table 5) .
Infection of hair or nails in tinea capitis, tinea barbae, and tinea unguium requires systemic treatment because topical antifungal medications do not penetrate into the Culture rarely is needed for tinea corporis unless the diagnosis is questionable or the infection is severe or widespread. Culture more commonly is necessary with tinea capitis and tinea unguium.
General practitioners and dermatologists may have slightly different approaches. Many dermatologists document all infections with cultures and repeat cultures monthly until they are negative because clinical improvement may be dramatic despite a persistently positive culture. In a general pediatric practice, cultures often are reserved for cases in which the diagnosis is unclear, the condition is unresponsive, the patient relapses, or there is no dramatic improvement in the first month of treatment. All children should be seen and re-evaluated at least monthly. It is important to use the higher doses now recommended for griseofulvin (20 to 25 mg/kg for at least 2 mo). A full course of treatment should be administered to avoid recurrence or relapse.
Of the systemic therapies, griseofulvin remains the standard first-line treatment because it has a good safety profile and does not require blood tests. Griseofulvin inhibits nucleic acid synthesis, which arrests cell division at metaphase and impairs fungal cell wall synthesis. Because it is fungistatic and lipophilic, absorption is improved with the ingestion of fatty foods. More recently, higher dosages or longer courses have been required, suggesting increasing resistance. Both tablet and suspension forms are available. Interactions occur with warfarin, cyclosporine, and oral contraceptives. Adverse effects are usually minor and consist primarily of gastrointestinal reactions or rashes.
Newer antifungal agents are the azoles itraconazole, fluconazole, and ketoconazole; the allylamine terbinafine; and the benzylamine butenafine. The azoles inhibit the enzyme lanosterol 14-alpha-demethylase, a cytochrome P450-dependent enzyme that converts lanosterol to ergosterol. This enzyme inhibition results in unstable fungal membranes and causes membrane leakage. The organism is unable to reproduce and is slowly killed by fungistatic action.
Fluconazole is more selective for cytochrome P450 enzymes than ketoconazole, reducing the potential for adverse drug interactions. It has excellent absorption and good persistence in tissue. Although fluconazole has not been approved for treating tinea in children, it is approved for candidiasis and cryptococcal meningitis in children, and in studies of treatment of tinea capitis, it generally has been found to be safe and effective both in continuous use for 3 to 6 weeks and in once-weekly dosing for 8 weeks.
Itraconazole has been used for systemic and superficial fungal infections of adults and children. Although not approved by the United States Food and Drug Administration (FDA) for children, it is considered to be safe and effective. Itraconazole should be taken after a meal. It has high affinity for keratin, accumulating to skin disorders tinea fungal cell death. Ciclopirox accumulates inside cells, interfering with amino acid transport and causing fungal cell membrane instability. Terbinafine, a well-absorbed fungicide, accumulates in skin at higher concentrations than in plasma and has a long half-life. In comparative studies, terbinafine treatment for 4 weeks gave similar cure rates of Trichophyton tinea capitis as 8 weeks of griseofulvin.
Onychomycosis in children in North America has no FDA-approved treatment. However, terbinafine is the recommended drug for treating nail dermatophytes; dosage is based on the child's weight, and the agent is taken for 6 to 12 weeks. Clearance is about 40% higher in children than in adults. Terbinafine is available only in tablets, but they can be broken, pulverized, and added to food.
Adjunctive therapy with antifungal shampoo 2 to 3 times weekly for the patient who has tinea capitis as well as for family members is recommended to reduce the number of spores. The most commonly recommended is selenium sulfide 2.5% shampoo, which adheres to the scalp after rinsing. Ketoconazole shampoo seems less drying because of its coconut oil base but does not work as well because it rinses away more easily. This shampoo is more effective if left on for 5 minutes. Hair grooming practices do not appear to play a major role in acquiring tinea capitis. Hygienic practices such as not sharing combs, brushes, or hats are important to decrease transmission.
Exclusion from school is not recommended because spores can shed for months. Additionally, asymptomatic carriers within the class who can be vectors are common.
Summary
Tinea capitis and corporis are very common in children. Tinea capitis usually is caused by nonfluorescent T tonsurans in the United States. It has many presentations, from mild flaking to purulent infected areas, but usually causes pruritus, hair loss, and often, suboccipital adenopathy. Oral antifungal treatment always is required for tinea capitis, although shampoos may decrease the risk of transmission. Children should not be excluded from school because they remain infective and there likely are asymptomatic carriers in the class. Tinea corporis may vary in presentation on different parts of the body. Some children manifest an id reaction, which is an allergic response to the fungal antigens rather than to the medication.
